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ABSTRACT
An ionization gauge has been designed which removes the low pressure
)
limitation due to x-rays found in conventional ionization gauges while 
maintaining a comparable sensitivity« In this gauge, an additional elec­
trode establishes an electric field which repels photo-electrons ejected 
from the ion collector. A similar photo-current from the suppressor grid 
is prevented by shielding this electrode from the x-rays. Preliminary
experimental results have verified the suppression of photo-currents;
-12pressures as low as 2 x 10 Torr have been measured.
INTRODUCTION
For many years the ionization gauge has been the most widely used 
instrument to measure the total pressure in a vacuum system. In recent 
years the Bayard-Alpert^ inverted ionization gauge has received the most 
widespread acceptance because it is relatively inexpensive* is relatively 
free from feedthrough and mechanical failure, has an output which is 
essentially proportional to emission current, requires a minimum of elec­
tronic equipment, and is relatively simple to operate. In the Bayard- 
Alpert gauge, x-rays are produced by ionizing electrons when they impact 
on the grid. Some of these x-rays are intercepted at the collector, 
where they cause ejection of photo electrons. These photo electrons are 
attracted to the grid and constitute a collector current of the same sign 
as the ion current to the collector. At low pressures when the x-ray
^R. T. Bayard, and D. Alpert. Rev. Sci. Inst. 21, 571 (1950).
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current is comparable to the ion current the reading of the gauge becomes 
non-linear. This pressure is usually referred to as the x-ray limit of the 
gauge. For presently available commercial gauges this is in the region 
of 1 x 10“10 Torr. While gauges have been made at the Coordinated Science
pLaboratory by Don Lee and Dr. Daniel Alpert with x-ray limits as low as 
2 x 10“11 Torr, it seems doubtful that the inverted ionization gauge can be 
made with an x-ray limit much below this value. In an effort to lower this 
limit while retaining as many of the virtues of the Bayard-Alpert gauge as 
possible, several new approaches to low pressure vacuum gauges are being 
worked on at C.S.L. One of them is reported on briefly here.
A method that has been employed in efforts to lower the x-ray limit
3is suppression of the photo electron current. Dahlke-Schutze used a
standard 6BX6 receiving tube with the screen grid biased to collect the
ionizing electrons, the plate as the collector, and the suppressor grid
biased sufficiently negative to return all photo electrons back to the plate.
-9They were able to read pressures in the low 10 Torr region in this manner.
ifetson utilized a tube in which the suppressor electrode is a shield which
is solid except for a hole through which the ions pass on their way to the
-9collector, ffetson also was able to measure pressures in the low 10 Torr 
region. The design of both tubes introduces a new x-ray effect. X-rays
oCoordinated Science Laboratory, Progress Report, Dec. 196l-Feb. 1962. 
pp. 87-91.
3W. E. Dahlke, and H. J. Schutze. 20th Annual Conference on Physical 
Electronics, M.I.T., Cambridge, Mass. 26 March, i960.
^G. H. Metson. Brit. J. Appl. Phys. 2, h6 (1951).
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intercepted by the suppressor electrode cause the ejection of photo 
electrons, some of which are able to get to the collector. This current 
has a sign opposite to the ion current, causing a decrease in the collector 
current, thereby giving rise to a new x-ray limit.
DESCRIPTION OF HEW GAUGE
We have built several variations of a new suppressor gauge which is
capable of measuring pressures considerably below lO““^® Torr. This gauge 
utilizes the general arrangement shown in Fig . L  It will be noted that 
the region in which the ions are created is separate from the region in 
which they are collected. The three elements in the collector assembly 
are the shield, the suppressor ring, and the collector. The main function 
of the shield is to intercept all x-rays from the ionization region and 
prevent them from getting to the suppressor ring. The ions pass through 
the hole in the shield and impact on the collector. The suppressor ring 
is biased sufficiently negative to prevent any photo electrons from 
escaping from the collector and to prevent any photo electrons ejected 
from the inside of the hole in the shield from getting to the collector.
The ionization region consists of a grid, which is open at one end, and a 
filament. The ions which are pulled through the hole in the grid.are 
focused by the accelerating fields through the hole in the shield. Fig. 2 
shows an early model of the photo current suppressor gauge. In this model 
the potential of the walls of the gauge strongly affects the focusing of 
the ions and thereby changes the sensitivity of the gauge. The gauge shown 
in Fig.' 3 and k  is insensitive to charging of the glass walls. The sen­
sitivity of this gauge is equal to commercial Bayard-Alpert gauges. As
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Figure 1. Schematic of Photo-Current Suppressor Gauge
Figure 2. Early Model of the Photo-Current Suppressor Gauge
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Figure 4. doseup of Ion Collector Assembly
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can be seen in Fig. 5> the voltages applied to the electrodes are such that 
standard ion gauge power supplies can be used, with the suppressor ring 
voltage furnished by a 300-volt battery.
PERFORMANCE
The most meaningful characteristic curve which can be obtained from 
this type of gauge is a plot of collector current versus suppressor ring 
voltage at constant pressure. Fig. 6 shows such curves for pressures of 
approximately 2 x 10“^  Torr, 2 x 10““"“ Torr, and 2 x 10~ 2^ Torr. When 
the suppressor voltage is zero the collector current is the sum of the 
photo electron current and the ion current. As the suppressor voltage 
is increased, the photo current is suppressed until, finally, only the 
ion current remains. It will be noted that the photo current, which is 
suppressed by increasing the suppressor ring voltage, is equivalent to 
approximately 1.5 x 10 ^  Torr. This checks well with approximate calcu­
lations made by considering the geometry of the gauge. Fig. 7 shows 
curves of collector current versus ionizing electron voltage at four 
suppressor ring voltages. At any given x-ray energy (ionizing electron 
energy), the curves show that as the suppressor ring voltage is increased 
the collector current is decreased. Presumably this decrease in current 
is the result of suppression of a greater fraction of the photo electron 
current as the suppressor voltage is increased. At this point it seems 
that this gauge does completely suppress the photo current.
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Figure 5. Cross Section of Photo-Current Suppressor Gauge HVJIOn
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1 Figure 6. Curve of Collector Current versus
Suppressor Ring Voltage at Constant Pressures
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Figure 7• Curves of Collector Current versus Ionizing Electron Voltage 
at Four Suppressor Ring Voltages.
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